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growth-promoting value of the proteins of 
the palm kernel, and the vitamin content 
OF palm-kernel meal* 

By A. J. Finks, Assistant Chemist, and D. BkeksE Jones, Chemist in Charge, 
Protein Investigation Laboratory, Bureau of Chemistry, United States Department of 
Aariculture 

INTRODUCTION 


The oil palm, Elaeis piineensis, grows naturally along the West 
Coast of Africa, but it is also being introduced into other localities. 
The fruit consists of a kernel or nut inclosed by a hard shell of varying 
thickness. This hard shell is surrounded by an outer fleshy, oily peri- 
carp from which the commercial palm oil is produced. Palm kernels 
contain from 45 to 50 per cent of oil, which is removed by expression 
or by solvent extraction. The resulting oil cake or meal is used as 
cattle feed. Until comparatively recently, the separation of the oily 
pericarp from the kernels was made by the natives by means of crude 
methods, whereby the kernels were subjected to conditions which would 
tend to denature the proteins, thus rendering them unsuitable for isola- 
tion and chemical study. 

During the war large quantities of palm kernels were shipped into 
this country, and it seemed, for a time at least, that they would offer a 
cheap and nutritious article in such quantity as to become a significant 
factor in our feedstuff indus^. Although there is little or no importa- 
tion of palm kernels into this country at present, the enormous supply 
of this source of important feedstuff makes it very desirable to secure 
as much knowledge as possible regarding its nutritive value. 

^ Palm-kernel meal as a feed for cattle has been given a high rating. 
Crowther^ has reported that in digestion experiments with sheep it was 
found that palm-kernel cake ranks among the most digestible of tlie 
stock feeds, and is more valuable than cottonseed meal. Hooper and 
Nutter,^ in feeding experiments with milch cows, found that palm- 
kernel meal could be used with advantage as a supplement to corn for 
the production of milk. 

So far as we are aware, no previous work has been done to ascertain 
the nutritive value of the proteins of the palm kernel when fed to ani- 
mals as the sole source of protein in a diet adequate with respect to the 
other essential dietary factors. 

The palm-kemel meal used for the feeding experiments described in 
this paper was a commercial product which had been prepared by the 
solvent process. It contained 19.44 P^r cent of protein (N X6.25). 
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The results obtained in these studies show that palm-kernel meal, 
fed at a protein intake level of 15.5 per cent of the diet, furnishes protein 
adequate for the normal growth of albino rats, and that when the mtai 
constitutes as much as 40 per cent of the diet it does not furnish suS> 
cient vitamin A to prevent xerophthalmia, or of vitamin B to provide 
for normal growth. However, since the meal used for these experiments 
was a commercial product from which the oil had been removed by the 
solvent process, and since the history of the kernels prior to the extrac- 
tion of the oil, involving the treatment they were subjected to in remov- 
ing the oily pericarp, is unknown, the vitamin deficiencies of the cotu- 
mercial meal used in these experiments may not be characteristic of the 
fresh, untreated palm kernels. 

GROWTH-PROMOTING VALUE OF PALM-KERNEL PROTEINS 

Albino rats weighing from 40 to 70 gm. were fed on a diet containiiig 
80 parts of palm-kernel meal, equivalent to 15.5 per cent of protein. 
The diet was satisfactory with respect to the constituents other than 
protein. Vitamin B was supplied by a daily allowance of 80 mgm, of 
a yeast vitamin preparation made according to the method described 
by Osborne and Wakeman,^ and 0.3 gm. of cod liver oil furnished vita- 
min A. In all the experiments the yeast preparation and cod liver oil 
were given separately from the rest of the diet. The composition of the 
diet ® and curves representing the rates of growtli are given in chart 1. 



Chart z.— C urves showing growth-promotias value of paim-keroel proteliu. 


These curves show that the proteins of the palm kernel are adequate for 
normal growth when they constitute the sole source of protein at a 15.J 
per cent level intake in a diet otherwise nutritionally satisfactory. 

EXPERIMENTS SHOWING VITAMIN B DEFICIENCY IN PALM-KliR- 
NEL MEAL 

Chart 2 shows the results obtained when the rats received no vitamin 
B other than that which may have been supplied by the palm-kernel meal 
when this constituted 25 per cent of the diet In order to insure a 
sufficient quantity of adequate protein, 15 parts of purified casein " ^^'ere 

‘ Osborns, Thomas B., and Wakbman, Alfred J. kxtr action and concentration op thb waIS«- 
solublb vitaminh prom brewers' vkast. In Jour, Biol. Chem,, v. 40. p. 383-394, A charts. 191?- 

* For the compodtiou of the salt mixture see: OsborNB, T. B., and Mendel, I*. B. THE USH 

BEAN AS FOOD. In JOUT. Biol. ChcTO., V. .IJ, p. .;r4. 1917, , 

• The casein and "crisco” used in the experlrnents lor the study of the vitamin cont«t of the 
--Bd l>een treated and found to be devoid of both vitamin A and vitamin B, The casein was 
‘'Y esc traction with i per cent acetic acid, followed by several extractions with 50 per cent alcohol, 

■ nally by extraction with ether. The crisco was treated by passing air through it at 100* C, for 0 w ' 
-ours. 
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i incorporated m the diet. These animals grew at a fair rate durine the 
* first 20 or 25 days, then began to decline. At points marked X the 
^ aoinials were given daily 85 mgm. of yeast vitamin preparation to which 
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followed. Resupplying the animal with the vitamin preparation was 
again followed by a prompt recurrence of growth. 

The curv^es in chart 3 show that when the quantity of palm-kernel 
meal was increa^d to 40 per cent of the diet, there was still a deficiency 
of vitamin B. That the meal contained some of this vitamin, however, 
becomes apparent on comparing these curves with those of control rats 
4S4 and 485, which received purified casein as the sole source of protein 
in their diet, fibese rats received a diet containing the same percentage 
of protein as did tlie others whose growth curves are given in this chart. 
The control rats made a decidedly slower initial growth and in two weeks 
began to decline rapidly. It is also to be noted that the animals whose 
diet contained 40 per cent of tlie meal did not show decline as soon as 
those on the 25 per cent meal diet. 

EXPERIMENTS SHOWING VITAMIN A DEFICIENCY 

The curves in chart 4 show that 25 parts of palm-kernel meal in the 
diet does not furnish sufficient vitamin A. After an initial growth of 
24 to 25 days tlie rats began to decline and developed xerophthalmia. 
The addition of 0.3 gm. of cod liver oil promptly cured tlie eye trouble 
and enabled the animals to grow at a fair rate. Rat 1068 had declined 
to such an extent that it failed to respond to cod liver oil. 

Where 40 per cent of the meal was used in the diet (chart 5) , the decline 
in growth and onset of xerophthalmia occurred considerably later than 
in die case of the rats which received the 25 per cent meal ration. 

SUMMARY 

The proteins of palm-keniel meal were found to be adequate for the 
normal growth of young rats, when fed in a diet balanced with respect to 
the other dietary factors. The meal constituted 80 per cent of the diet, 
which is equivalent to 15.5 per cent of protein. 

Forty per cent of palm-kernel meal did not furnish sufficient vitamin A 
to prevent xerophthalmia, and a like quantity did not provide sufficient 
vitamin B for normal growth. Since the meal used for these experi- 
ments was a commercial product obtained as a residue from the nuts 
after removal of the oil by the solvent process, tlie results obtained with 
reference to vitamin content, however, may not necessarily apply to the 
fresh, untreated palm-kernel nut. 

Inasmuch as it is this treated commercial product which is available 
for the feeding of live stock, the vitamin values given in this article are 
of more practical value than would be those found for the fresh kernels. 




IFFICIENCIES OF PHOSPHATIC FERTILIZERS AS 

affected by liming and by the length of 
time the phosphates remained in PORTO 

RICAN SOILS' 
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INTRODUCTION 

Notwithstanding the fact that hundreds of field experiments have been 
inducted to determine the relative values of the different phosphatic 
utilizers, only very few accurate quantitative data on this subject have 
[een obtained. Failure to obtain data has, in most instances, been due 
b the usual difficulties attending tests of this kind, but in a number of 
hses it has been due to failure to ascertain whether any of the phosphates 
rere applied in excess of the crop’s requirements. Experiments con- 
lucted during the last 15 years with the different phosphates in pot cul- 
ures have been more fruitful of results in that they have demonstrated 
[uite clearly several general factors influencing the efficiencies of the 
'anous phosphates. 

The experiments of Prianischnikov {21),^ Kossowitsch (zj), Jordan (9), 
hirikov {2, s)> Truog (51), Wrangell (ja), and Bauer (z) show that 
ifferent crops vary greatly in their abilities to utilize the rock phosphates, 
he last four investigators named suggest that these differences in “feed- 
ig power’’ are correlated with the quantities of lime that are assimi’ated 
ly the crop, or wdtli tlie relative quantities of lime and phosphoric acid 
hat arc absorbed. 

That the character of the soil affects the efficiences of the phosphates is 
vident from many field trials and from the work of Kossovdtsch (z j) and 
ledroiz {4). 

Carbonate of lime markedly decreases the efficiencies of bone meal and 
Dck phosphate, but, according to the results of Kellner and Bottcher 
m, 11), Sbderbaum (27, 28, 2q), Nagaoka (79), Prianischnikov 
?z, 22, 24), Kossowitsch {12), Liechti {14), and Mitscherlich {16, 17), 

: does not affect the efficiencies of basic slag, dicalcium phosphate, or the 
•atcnsoluble phosphates. 

Investigations by Prianischnikov {21, 24), Kossowitsch {12), Sbder- 
aum (^9, jo), and Mitscherlich and Simmermacher (18) show that the 
isolublc phosphates are appreciably more efficient when ammonium 
iilphale is applied with the phosphate than when sodium nitrate is used 
s tlje source of nitrogen. 

The effect wffiich carbonate of lime exerts on the efficiencies of the phos- 
hates has become a matter of much practical importance since liming has 
econie a general practice. It is especially important to know the effect 
1 applications of lime such as would be required to satisfy the lime 
-quiiement of different soils* The work cited above, however, does not 
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give much information on this point, since many of the experiments were 
performed in quartz sand and in other experiments the quantities of lime 
applied bore no particular relation to the lime requirements of the soils, 
Also, very little work has been done with a view to ascertaining the rate 
at which the different phosphates gain or lose in efficiency by remaning 
in different soils. This is a question of considerable moment in the fertili- 
zation of long-time crops, such as fruit trees, sugar cane, and pineapples. 

The experiments reported in this paper were conducted to determine 
the relative efficiencies of acid phosphate, double superphosphate, basic 
slag, bone meal, and finely ground rock phosphate when used under differ- 
ent conditions in eight types of Porto Rican soils. The results are of 
general interest, however, in showing quantitatively how the various 
phosphates are affected by remaining in different soils and by applications 
of lime which are sufficient to satisfy the “ lime requirements” of the soils. 

PXPERIMENTAIv METHODS 

The relative efficiencies of the phosphates were calculated, not from 
the magnitudes of the increases produced by equal quantities of phos- 
phoric acid, but from the relative quantities of phosphoric acid required 
to produce the same increase in yield. For example, if 2 gm. of phos- 
phoric acid from floats produced the same increase as 0.5 gm. of phos- 
phoric acid from acid phosphate, the floats phosphoric acid was con- 
sidered as being 25 per cent as efficient as the acid phosphate phosphoric 
acid. In order to follow this method of comparison, it was necessary 
to have in each experiment a series of pots receiving increasing quantities 
of phosphoric acid from the standard material, acid phosphate. A curve 
was plotted from the yields of these pots to show the extent to which 
growth would be increased by any quantity of acid phosphate.* 

As pointed out in another publication, (6) it is believed that this method 
of comparison is more likely to give accurate results than is the usual 
method because it is not only not based on any assumption concerning 
the law of minimum, but it is accurate, irrespective of how growth 
increases with increasing quantities of the elements in minimum; and 
it docs not necessitate an analysis of the crop. 

Basic slag, bone meal, and floats or finely ground rock phosphates, 
were compared on the basis of their total phosphoric acid content, while 
acid phosphate and double superphosphate were compared on the basis 
of their “ available” or ammonium-citrate-soluble, phosphoric acid. The 
efficiencies of the various phosphates are expressed as compared with 
tiie efficiency shown by acid phosphate when the latter was applied 
in the unlimed soil immediately before planting was done.* 

In the larger experiments the differently treated pots were replicated 
five times or more. The probable error of the average result for each 
treatment was therefore fairly low — less in most cases than 4 per cent 
of the yield. The regularity of the curves showing the increases in 
growtli produced by increasing applications of acid phosphate also con- 
firmed the accuracy of the results. 

Millet {Setaria iialica), which readily responds to phosphoric acid, 
was used as the test crop. As soon as the seeds had matured and the 

■ A small preliminary test was conducted with each kind of soil to detennme approximately 
maximum quantity of phosphoric acid to which the crop would respond. , , 

* In Expoiment VTI the yields produced by acid phosphate in the limed soil were taken as the staftdan 
for comparison, since in this soil acid phosphate was very ineSective without lime. 
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heads had turned yellow the plants were cut. This stage of maturity 
^ reached in 36 to 48 days ^ter the plumules had broken tlie ground, 
^ccording to the season in which the plants were growTi. Both green 
and oven-dried weights of the heads and stalks from each pot were 
obtained, but for the sake of conciseness only the oven-dried weights 
of the combined heads and straw are reported. The ratio of heads to 
^traw appeared to be constant for plants of a given weight in any one 
Ixperimcnt, irrespective of the source of phosphoric acid used. Where 
the larger quantities of available phosphates were used, the ^owth of 
the plants was fully equal to that made under good field conditions. 

Glazed earthenware pots were used in some of the tests, and tin pots 
that had been coated with tar paint were used in others. Each container 
had a capacity of 5 gallons, and both kinds of containers gave equally 
good results. During the day the pots were kept on trucks in a wire 
inclosure (5 meshes to the inch) and at night and during heavy rains 
they were run into a glasshouse. The order of the trucks was shifted 
daily and the order of the pots on each truck was changed every few 
days to insure uniform conditions of growth. 

As soon as an experiment was started the moisture content of each 
soil was made up to about 60 per cent of its maximum water-holding 
capacity, and was kept constant by weighing. When the plants attained 
considerable size the weights of the pots plus the soil were taken daily, 
and as the plants became larger, allowance was made for the added weights 
of the plants. Transpired water was replaced by rainwater containing 
only 17 parts per million of total solids. The plan of the experiment and 
the methods of comparison were such, however, that appreciable impur- 
ities should not have affected the accuracy of the result (6). 

The phosphates were thoroughly mixed with the first 4 inches of soil 
in the pots after the various applications had been made up to the same 
: weight by the addition of silica sand. Whenever the phosphatic fertilizers 
[were added to some of the pots in an experiment, the soil in all the other 
ipots was stirred in a similar manner so that it might be in a uniform 
i mechanical condition in all the pots at the time of planting. The sodium 
nitrate, ammonium sulphate, and potassium salts were added in solution, 
half of the total quantity being incorporated with the soil before planting 
was done, and the remainder when the plants were somewhat less than 
hall-grown. Half the nitrogen was derived from sodium nitrate and half 
from ammonium sulphate, in order that the efficiencies of the insoluble 
phosphates might not be appreciably affected by the unassimilated acid 
and alkaline residues of the nitrogen salts. 

In the limed series sufficient lime (air-slaked lime containing some 
carbonate) was added to each pot to satisfy the lime requirement of the 
pil as determined by the Veitch method, the lime being thoroughly 
incorporated with the volume of soil in each pot three or four days 
before the phosphates were added. 

Analyses of tdie five different phosphates used in the experiments are 
given in Table I. 
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Table l.-Analyses of the phosphatic materials which were used in the vegeUition. («,, 


Material. 

Total 

phosphoric 
acid (P1O5). 

Watcr-stJuble 

phosphoric 

add. 

Citnt^ 5 oll 5 hl, 

phosphoric 

add. 


Per cent 

21.33 

30-63 

26. 03 
17.90 
45 - 70 

Per ceni. 

14. 98 

Pwcrtl, 

17.51 


37-73 

‘ 5 ' 5; 
44-5; 

Double superphosphate 

__ 




> Emirteen per cent available in a per cent citric add. 


Snil «;amDles were taken from parts of the field that had not been 
m^tedTrertS for many ye£s, at least From 5 to 6 tons of 
type of soil were used in the experiments. Table II shotre the chemical 
composition of the soils in which the phosphates were test d. 

TablS II.-CteMico! cc^posilion of soih in which the pho.pholcs were terl.de 


iSoil No. Soil No, 
Soil constituents. j | 


\per cen/ 


Silica <SiO;) — • • 

Titanium nxid (TiOj) 

Ferric oacid (FesOj) 

Alumina (AlvOi) 

Manganese dioxid (MnOi) . 

Lime (CaO) 

Magnesia (MgO) 

Potash (KtO) 

Soda (NazO).., AT"- 

Phosphoric acid (PjOs) . . . . 

Sulphur trioxid (SOs) 

Loss on igiiition 


Total. . 


Nitrogen (N) 

Organic matter 

Lime requirement t*.. 


Per certt] 
' 73-92 


Soil No. Soil No. 
tg. 157B. 


Soil No. 
716. 


\PtT cent\ 

97-37 


^<T M»tij 
92.99 


[Soil No. 
1796. 


jPer ceffi| 
54- 41 


; The san„S« we™ analyeea by ‘the Bt.r.ae „I Soils. U. S. Deoartmeot ol A^ricultare, ht 
C.O^cmSi'SllSebl^^^^ ol weight .1 soil. 

All the soils except No. 213 are important agncnlturally and * 
planted with Citrus or pineapples are heainly fertilized. ^ 

brown, fine sandy loain from Bayanion; No. 1257 is a reddish 
L siidy loam from Pneblo Viejo; No. 1529 is a ^^y sand from fo. 
Baja- No 1578 is a clay loam from the Vega Baja-Manati ’ 

& from”a limestoni; No. .716 is a grayish brown, fine sand loa^ 

from Barceloneta; No. 213 is d bW 

red clay from Mayaguez (5); and No. iSio and 1811 are red an 

clay, respectively, from Rio Piedras. 
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efficiencies oe the phosphates as affected by the soil 

Experiments I to VIII, inclusive, were similar in plan, but in each 
■ stance a different type of soil was used. The soil in half the series of 
’^ts in each experiment received sufficient lime to satisfy its require- 
ment by the Veitch method, and that in tlie remaining pots was left 
The various phosphates were applied to some of the pots in 
both tlie limed and unlimed series six weeks before planting was done, 
nd to the remainder the day before planting. The essenti^ details of 
each of the eight experiments are given in Table III. 

TablB hi . — Conditions of Experiments I to VIII, inclusive 


Experiment No 

Soil No. 

Quantity 
of mais- 
ture-free 
soil per 
pot. 

Opti- 
mum 
water 
content 
of soil.^ 

Sodium 
nitrate 
added 
per pot. 

Ammo- 
nium 
sulphate 
added 
per pot 

Potas- 
sium 
sulphate 
added 
per pot 

Number 
of plants 
grown 
per pot 

Number 
of days 
plants 
grew. 

I 

i8io 

Pound r. 
31.2 

Per cent. 

40. 0 

Cm, 

5-6 

4. 0 

Cm. 

5-3 

15 

46 



2811 

37-9 

30- 0 ' 

5 ' 6 

4. 0 

5-3 

■ 15 1 

48 

Ilf 

1716 

1529 

1257 

1578 

42. 5 

12 . 3 

i 5-6 

4. 0 i 

5-3 

14 ■ 

40 

IV 

41, 6 

13. 0 1 

i 5-6 

4 ' 0 ; 

5-3 

I 18 ' 

43 

v 

42. 6 

22. 0 

6. 3 

■ 4-5 1 

6. 0 

' ^5 ! 

38 



' 37-8 

31- 1 

41.6 

30. 0 

5-3 

3-8 : 

S-o 

1 18 ■ 

43 

VI I 

1796 

1524 

1 33 - ° 

1 S- 6 

4. 0 i 

5-3 

14 

40 

VIII 

j 29. 0 

8.4 

6, 0 ' 

8.0 

21 

36 


! 



1 


\ < Expressed in percentage of dry soil. 


'< Table IV shows the relative efficiencies of the various phosphates in 
both tlie limed and unlimed soils when the phosphates were applied 
immediately before and six weeks before planting. 
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The plants responded very markedly to phosphoric acid in all the 
soils, the yields being increased from 2 to 20 times by the largest quanti, 
ties of acid phosphate applied. In all soils, both limed and unlimed, the 
larger applications of acid phosphate produced relatively less increinejj.- 
in yield than did the smaller applications, which, of course, is the nonii^i 
effect of increasing any limiting factor. In the case of soil No. 
however, the larger applications of acid phosphate were maxkedlv less 
efficient in the unlimed soil than they were in the limed soil, aithouaij 
the smaller applications were about equally efficient in both serie?. 
In soil N'o. 1529 all the quantities of acid phosphate applied were bs 
efficient in the unlimed series tlian in tJie limed, the differences in eiB. 
ciencies in the two series being greater with the larger quantities of acid 
phosphate applied. Obviously, the maximum yields in these two soils 
w^ere not to be obtained svith acid phosphate as a source of phosphoric 
acid without the use of lime. 

Table V summarizes the results obtained in these experiments. 

TaboS W— Summary of the results ohiained in. Experiments / to Vlll, 
phosphates mixed with limed and unlimed soil 

UNUM^D son, 


Time of 
application. 

Kind of 

phosphate applied.' 

Soil 

No. 

’SJ 4 . 

Soil 

No. 

1.^78. 

Soil 

No. 

1257. 

Soil 

No. 

iSiQ. 

Soil 

No. 

iSii, 

Soil 

No. 

1716. 

Soil 

No. 

7 S 29 ‘ 

Sod Soil 
No. 

immediately before 

Acid phosphate 

UXJ 

100 


IQO 


100 

5 * 

ino >.*■ 

plantiug. 

Do 

Floats 

10 

» 

aa 

34 

15 

8 

79 

. 

46 4 

Do 

Bone meal 

'05 

7 a 

5 J 

43 

33 

72 

78 

o 5 c 

Do 

1 Basic slag i 

III ' 

1 54 . 

! 71 ' 

9a 

1 69 

705 


i So 17 

Do 

Double superphosphate, i 

8s 1 


: 87 ; 

83 : 

i 97 

100 ' 

5 t> ' 

! » ■ 

6 weeks before plaut- 

Acid phosphate ' 

77 ! 

s8 ! 

61 ' 

i 57 

79 ' 

39 

1 4 P 5 J 

ing. 

Do 

Floats — ! 

n ■ 

i r8 ' 

! 

i 24 ; 

3a 

! t 3 

7 ' 

16 ■ 

i JJ- , 

Do 

1 Bone meal . : 

81 ' 

tc 1 

: 38 i 


30 

60 1 

66 ! 


Do 

i Basic slag 

63 

1 57 ! 

1 ja 

37 

' 55 

118 

S3 

1 43 

Do 

Double superphosphate, ■ 

7 a 

57 , 

1 S 7 ! 

44 

! 66 

93 

35 

1 46 ... . 


riMED son 



- - - - -- 

r 

— 



— 

— 'j- 

T 

Immediately before 

Acid phosphate 

HI : 

7 a! 

75 

iig 

96 

ia 3 1 

laoJ 

planting. 









Do 

Floats 





5 

4 i 

I 1 

Do 

Bone meal j 


19J 

31 

35 

32 


34 1 

Do 

Basic slag ! 


60 i 


117 

S 9 


9 S 1 

Do 

Double superphosphate . ; 

87 : 

80 1 

5 ‘ 


St 

laS ! 

140 j 

6 weeks before plant- 1 

Acid phosphate ..j 

70 1 

44 I 

56 ! 

74 

5 54 

H 3 1 

59 ! 

ing. 




1 





Do 

Floats 





1 4 



Do 

Runr mnal 






i 83 j 

39 j 

Do 

Basic slag i 


38 1 




148 1 

63 ' 

Do 

! Double superphosphate . ■ 

59 1 

48 1 

56 ^ 

51 

65 

123 1 

S 4 1 


' 1 









' The values given tor acid phosphate arc averages of the results yieldeil by several different qiiWt:-'® 
of this material. _ -i 

*The results obtained in the river sand, No. S13, are the averages of several experiments aesenoeuw 
previous publication (7, aj-ap). 


Floats (finely ground rock phosphate) was a fairly efficient source o! 
phosphoric acid in some of the soils when no lime was used. F 
practically without effect, however, when applied to limed soils | 
dialely before planting was done. The uniformity of the very low etn- 
ciencies of floats under these conditions, from o to 5 in the 
soils, is doubtless significant. In quartz sand, floats usually has abou- 
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per cent of the efficiency of acid phosphate for the gramincae. It is 
^Sble that this value represents the relative efficiencies of floats and 
^id phosphate in soils which do not contain compounds unsatiiratcd 

^dth calcium. 

gone meal varied more in efficiency than did any other phosphate 
according to the character of the soil. In soils No. 1796, 1524, and 1529 
it had an efficiency equal to, or greater than, acid phosphate when no 
lime was applied, while in soils No. r§io, 18 ii, and 213 it was only 
about one- third as effective as acid phosphate. In all the limed soils 
except No. 1716 it was rather an ineffective source of phosphoric acid. 

When the results obtained witli basic slag are considered, it should be 
borne in mind that this material was compared with the other phosphates 
on the basis of its total phosphoric acid content, altliough it is sold on the 
basis of its “ available " phosphoric acid. In the slag used in the experi- 
ments 78 per cent of the total phosphoric acid was soluble in 2 per cent 
citric acid, that is, “available” by the Wagner metliod. Considered on 
the basis of its available phosphoric acid, basic slag was more efficient, 
on the whole, than was acid phosphate, since in the nine unlimed soils 
it averaged 87 per cent as efficient as acid phosphate when applied 
immediately before planting was done. Basic slag was also very effective 
when it w'as applied six weeks before planting and when it was used in 
comunction with lime. 

The efficiency of the phosphoric acid in double superphosphate was 
practically the same as that in acid phosphate. 

It might be expected that the efficiencies of certain phosphates would 
depend to a considerable extent upon those qualities of the soil which are 
indicated by the lime requirement. Apparently, however, this is not so. 
Table VI shows the lime requirements of the soils and the efficiencies of 
the different phosphates in tlie soils when applied immediately before 
planting without the use of lime. The efficiency of each phosphate is 
expressed relative to 100 for the efficiency of acid phosphate applied 
under the same conditions, except in the case of soil No. 1529. In the 
case of this soil the efficiency of each phosphate is expressed relative to 52 
for the efficiency of acid phosphate, since acid phosphate was relatively 
ineffective in this soil without lime. (See Table V.) 

T.^bi.5 Vl.Skowing the relation between the lime requirements of the soils and the relative 
efficiencies of the phosphates 
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It is apparent from Table VI that none of the phosphates varied ij 
efficiency directly with the lime requirement of the soil. On the 
floats was far more efficient in soils with high lime requirements thaniii 
those with low requirements, but there is no exact correspondence betweet 
this measure of the soil's acidity and the efficiency of floats. 

Lack of correspondence may be due in part to the fact that the efficitn. 
cies of all the phosphates are expressed relative to the efficiency of adii 
phosphate. The table would in such a case merely show the effect of tin 
lime requirement properties of the soil in altering relative efficiencies 
The effect on absolute efficiencies — that is, on the quantity of phosphorit 
add required to produce a given increase in crop— can not be judged 
since the experiments with the various soils were carried on at differed 
times. Moreover, the absolute efficiencies of the phosphates would 
doubtless depend upon the degree of phosphorus deficiency in the soil a 
well as upon other factors. 

EFFICIENCIES OF THE PHOSPHATES AS AFFECTED BY UMIXG 

The degree to which liming affected the efficiencies of the diffcren! 
phosphates can best be seen if the data given in Table V are presented ii 
another form. Table VII shows the effect of liming on the efficiencies 01 
phosphates, the efficiency of each phosphate in the unlimed soil bein< 
taken as 100 and in the limed soil as relative to 100. 


TabIvU VII . — Effect of liming on the efficiency of phosphates ‘ 



‘ The etticiency o{ each phosphate in the uniimed soil, applied immediately beiore, or 6 weeks litic- 
plantinu taken as rao; the effidcacy oi the phosphates in the limed soil express^ comparatively. 

' Soil No. it3 not included. 


Evidently the effect of lime on the efficiency of the phosphate depend! 
largely upon the character of the soil. In three soils liming had littl« 
influence on the efficiency of acid phosphate which was applied 
mediately before planting w’^as done; in three soils, it depressed the effi- 
ciency; and in three soils it increased the efficiency of acid phosphate 
The action of lime was equally variable in the different soils in the casf 
of basic slag and double sui>er phosphate. Although the efficiencies ol 
floats and bone meal were depressed by lime in all soils except No. 
the extent of the depression varied greatly according to the character 
the soil. 
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The average values “ given in Table VII radicate the varying degree 
to which the different phosphates were affected by liming. Acid phos- 
phate, basic slag, and double superphosphate were relatively little 
^ect^ by liming, while bone meal lost about 40 per cent of its eflfi- 
ciencv and floats lost approximately 75 per cent. This is in accord with 
the results obtained by Prianischinikov (zz) in sand cultures. While 
the average values probably indicate the average of the results that might 
be secured on a large number of different soils, tliey obviously do not 
permit of the prediction of the effect of lime on phosphates in any par- 
ticular soil. 

It was desirable to know whether the time elapsing between tlie appli- 
cation of the lime and the application of the phosphate influenced the 
degree to which lime depressed the efficiency, and likewise whether the 
quantity of lime applied had any appreciable influence when sufficient 
lime was already present to satisfy the lime requirement of the soil. 
An experiment was therefore conducted to gain such information, a soil 
in which lime had markedly affected the efficiency of bone meal being 
used for the purpose. 

Experiment IX was conducted in the same manner as those previously 
idescribed. Kach pot contained 20.5 kgm. of soil No. 1524 maintained 
let a water content of 29 per cent of the dry weight. The basic fertiliza- 
ition consisted of 4.2 gm. of sodium nitrate, 3 gm. of ammonium sulphate, 
land 4 gm. of potassium sulphate per pot. Twenty plants per pot were 
*gro\vn for a period of 43 days. Two different quantitites of lime were 
jtried. One series of pots received the lime six weeks before eitlier planting 
.was done, or phosphates were applied. Anotlicr series received the two 
fiiiantities of lime the day before the phosphates were applied. Acid 
phosphate and bone meal were both applied immediately before planting 
was done. Table VIII gives the results of the experiment. 

[TABtE — Effect of quantity of lime and the time it was applied on ike efficiency of 

bone meal in Experiment IX 


Time lime was applied. 


>« weeks before planting. . 


Do... 
Do... 
Do, . . 
Do... 
Do... 


(So) , 

applied! 


Phosphate 
applied 
ini lately 
before planting. 


No phosphate . 
Acid phosphate 
do 


Phos- 

phoric 

add 


Oven-dry yield of 

individual pots. 


do. . 


. 60 


do j 8.00 : 

Bone meal I i. 8$ 

No phosphate. j 

Bone meal ■ i. 8S I 

No phosphate. . 

Bone meal I *5 , 

No pbospliate, ' 

Bone meal i- *3 j 


' 40. 6 
I 14.5 


dry 

yield. 


Relative 
efficieticy 
of bone 
meal and 
jacid phos- 
phate. 
(Add 
phos- 
phate 
applied 
6 weeks 
before 
plan ting 
to soil 
with 

""caO^ 

isa) 


1 secured with soil No. 813 were not considereti when the average values were calailatcd 

• -“cr ttiat the latter might be comparable for all the phosphates. 
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Very little difference was observed in the efficiency of bone meal r?. 
gardless of whether the lime was applied six weeks or one day before 
the phosphates were used. The quantity of lime applied, however, had 
a most pronounced effect. The efficiency of bone meal was almost 
negligible in the presence of a considerable excess of lime, such as was 
afforded by the 42.12 gm. per pot. 

The data given in Table VII show that applications of lime equivalent 
to the “lime requirement” of the soil may increase, decrease, or be 
without appreciable effect on, the efficiencies of acid phosphate, basic 
slag, and double superphosphate, according to tlie character of the soil 
Such quantities of lime may be expected to reduce the efficiencies of 
floats and bone meal much more generally and to a greater degree. 

Table VIII shows that the quantity of lime applied markedly influ- 
ences the efficiencies of the phosphates. It would therefore be expected 
that even on soils such as No, 1529 and 1716 where a certain quainin 
of lime noticeably increased the efficiencies of acid phosphate, basic 
slag, and double superphosphate, a larger application of lime would have 
decreased the efficiencies of these materials. 

This conclusion is borne out by the results that are being obtained 
at the Rhode Island Experiment Station (<?). A certain quantity of 
lime on the Kingston soil markedly augments the efficiencies of the 
phosphates for some crops. Liming beyond a certain point has the 
reverse effect, however. At least, liming beyond a certain point brings 
about such a condition in the soil that srasdler increases are produced 
by a given quantity of phosphoric acid from some phosphates. 

Although pot and field experiments show that liming affects the 
efficiency of a phosphate in the sense that a given quantity of the phos- 
phate produces a larger or smaller crop increase on limed soil than os 
unlimcd, results obtained with only one or two kinds of phosphates do 
not necessarily show tJiat liming affects the quantity of phosphoric acid 
which is in an assimilable condition. It may be that in certain cases 
liming is wiUiout influence on the assimilability of the phosphoric acid 
applied and merely corrects or exaggerates a soil condition which is so 
affecting the growth of the plant that it responds less markedly to an 
increase in the quantity of assimilable phosphoric acid. The depressing 
effect of lime observed in the experiments reported in this paper, how- 
ever, are believed to have been due to the effect of tlie lime on the quan- 
tity of phosphoric acid available to the plant; otherwise, it would hardlv 
be understandable why floats should have had such a low and constant 
efficiency in the limed soils (Table V) and why the efficiencies of some 
phosphates were depressed less than others. 

EPFlCrENClES OF THE PHOSPHATES AS AFFECTED BY REMAINING 
IN THE SOIL 

The extent to which the efficiencies of the various phosphates were 
affected by remaining six weeks in the uuplantcd soils is showm in Table 
IX. In this table the efficiency of each phosphate applied immediately 
before planting, to either the limed or the unlimed soil, is expressed as 
100, and the efficiency of the material applied six weeks before plantris 
is expressed as relative to 100. 
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T^blE IX.— phosphaiei as affected by remaining 6 ueekf tn the soil ^ 




Unlimed soil. 


■ 

Unlimed soil. 


Sod Na~ 

Acid 

phos- 

phate. 

i 

Floats. 

! 

Bone 

I meal. 

Basic 

slag. 

Double 
SHper- 
phos- ! 
pbate. 

Add 

phos- 

phate. 

' Floats. 

i 

i Bone 
' meal. 

i i 

Basic 

slag. 

noiibie 

super- 

phos- 

phate. 


77 

J70 

i 

S6 

85 1 

63 

IQO 

85 


68 


58 ! 

90 

' 8j 


S 6 

6r 

1 100 i 

1 63 , 


1 6e 

' 

48 

100 

75 

73 

66 

74 

167 j 

»03 

138 

1 no 




94 


40 

,53 

63 

350 1 

57 


1 

jgll , 

57 

87 

91 

to 

67 

56 ! 

to 

66 j 

73 

to 

i-[6- 

79 

88 

63 

113 

93 

88 ; 

3^5 1 

119 

123 1 

96 

15 ^ 

i » 

*0 

85 

83 

6i 

59 

100 

85 ! 

; ^4 : 

' 

49 

54 

5d 

54 

S3 

54 1 

67 i 

70 j 





54 1 

SO 

77 

1 1 


Average* 

63 

83 

83 

70 

67 

6s 1 

140 1 

8 r| 

_ 

L_..” 


I TTie effidcncy rf eacJi plioapbate, applied immediately before plantiug to the limed or unlimed sml. 
i$ taken as loo; and tbe effidency of each phosphate applied 6 weeks before planting, is expressed 
CMUparatiYely. . , . . 

I Soil No, *13 not included. 


Incorporation of the phosphates with the soil six weeks before planting 
ditiiinished the efficiencies of the five phosphates very appreciably in 
practically all soils whether lime was used or not.® The mean values for 
the different phosphates show tliat on the whole acid phosphate possibly 
lost slightly more of its efficiency than did double superphosphate or 
jbasic slag in both tlie unlimed and the limed series. Although bone meal 
land floats lost still less than did double superphosphates or basic slag, all 
ithese materials had a well defined tendency to be less, rather than more, 

I efficient when they were applied six weeks in advance of planting. This 
lis not in accord with the commonly expressed idea that floats and bone 
jmeal may be applied before planting is done because their availabilities 
increase with time. 

I On the whole, liming did not appreciably affect the losses in efficiency 
jsnstained by the various phosphates when the latter were incorporated 
;\vitli the soil. The average results obtained with all the soils indicate 
that possibly liming diminished the losses of basic slag and double super- 
phosphates very slightly. The differences between the losses in the 
jliiiicd and the unlimed series in the case of these two phosphates, how- 
;ever, are probably no greater tlian the experimental error. 

I From tliese data it would seem that, in judging whether lime should 
;be applied for the sake of its effect on tlie phosphates, the effect of lime 
on the immediate efficiency of the phosphate should be (considered 
chiefly. 

lliese results are not in accord with the statement, which has gained 
authority from constant repetition, that liming lends to maintain the 
availabilities of phosphatic fertilizers. The results obtained by Wheeler 
ip) on the after effects of certain phosphates on limed and unlimed soil 
to some extent confirmatory of the results reported in this paper, 
m the field experiments of Wheeler it will be noted that while tlie total 
yields of millet and potatoes were far greater on the limed than on the 
liiilimed plots, the increases attributable to the phosphates were much 

floats in the limed soils are hardly significant. Liming alone reduced the effidency of 
‘'.■curary^*^ ^0 such a low figure that the added effect of remaining in the soil could not be measured with 
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greater in nearly every case on ^e nnlimed plots. The reverse was 
true, however, in the case of Swedish turnips. 

The effect of liming on the loss in efficiency of phosphates evideatlv 
varies very considerably according to the char^ter of the soil mvolvei 
In some soils, such as that of the Rhode Island Expeiment Station, the 
influence of lime may be so pronounced on certain soil conditions affet'v 
ine growth of particular crops as to mask entirely ffie effect of the iime 
on the efficiencies of the phosphates. This possibly may have been 
true in the case of soil No. 1529 where the efficiency of acid phosphate 
was markedly increased by liming- 

RATS AT WHICH PHOSPHATES LOSE EFFICIENCY IN THE SOIL 

In order to learn whether the losses in efficiency of phosphates remain, 
ine six weeks in the soil were about the maximum to be expected t,r 
whetlrer treater losses would have taken place had the phosphates been 
incorporated with the soil for a period longer than six weeks supple, 
mentary experiments were conducted with four of the soils to seem 
data on the rate of loss. The experiments were conducted in the same 
manner as those previously tlescribed, except that m some tests 2-gallor 
glazed pots were used instead ^ of 5-gallon containers. The essentia: 
details of the tests are given in Table X. 


Table X— Conditions of Experiments X to XIV, inclusive. 


Experiment 

No. 

Soil 

No. 

Quantity 

of 

moisture- 
free soil 
per pot. 

Optimum ; 
water- 
content 1 
of soil, i 

Sodium 
nitrate 
per pot. 

Ammoni- 
um sul- 
phate per 
pot. 

Potas- 
sium sul- 
phate per 
pot 



Kgm 

Per cent. ' 

Cm. 

Cm . 

Cm. 

X‘ 

213 

42. 07 

18 ^ 

12. 6 

9.0 

12. 0 

XI 

1578 

17-31 

30 : 

3 - 2 

2-3 

3 -° 

XII 

1578 

6. 21 

30 

5-6 

4-0 

5 - 3 

XIII 

1529 

19. 98 

13 : 

4. 2 

3-0 

4. 0 

XIV 

1524 

7. 8 q 

25 : 

3-5 

2-5 



3 - 3 


Number ■ Xuraber 
of oUnts i of iiy% 
grown I plaaii 
per pot ] errw. 


6 3 : 

20 i ^2 

12 i td 

16 ! 

10 ! 39 


I Itt this experiment corn was etowh instead of millet. 


Table XI gives the results of the experiments. . 

The results of Experiment X show tliat, in some soils at least, the Iws 
in efficiency which the phosphates undergo depends to a consideraM 
extent upon the size of the application, the larger application lobi% 
Luch less of its efficiency than the smaller. This was one reason nlii 
in tlie other experiments there were applied quantities near the 
mum to which the soil would respond. . rc ■ mnyd- 

As in the previous experiments, the losses efficiency varied 
erably, according to the kind of soil involved The results o" ^ 
indicated that acid phosphate continued to lose in efficiency the 1( t 
it remained in the soil, although the loss was exceedingly small a let . 
first 20 to 30 days. This is illustrated in figure i, the curve of w^' 
a composite of the curves plotted from the results given in th 
series b Table IV, Experiment III, and Table XVI Expenments X 
XII XI 11 and XIV. It does not, therefore, show the rate of loss n 
one soil, in this curve the efficiencies of ackl phosphate appb 
various lengths of time before planting are plotted relative to loo 
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efficiency of that which was applied immediately before planting was 
done. 

It should be borne m mind that the losses represented in the curve and 
in the foregoing tables were m excess of those sustained by acid phos- 
phate applied immediately More planting. Since the plants could not 
have utilized any appreciable quantities of phosphoric acid durinv the 
10 to 20 days after they were planted, it is evident that very con- 
siderable losses m the efficiencies of tlie phosphates probably occurred 
which are not shown m the expenmental results. An idea of what these 
l„s,es were can be obtmned by extrapolating the curve beyond its origin 
to show what the efficiency of acid phosphate would have been had die 
pho^ate been incorporated with the soil the day plants were ready to 



hese experiments do not show what loss in efficiency might be sus- 
ned by the phosphates after they had been used on these soils for a 
that repeated applications of 
‘ -j>pnates would bring about such conditions in a soil that succeeding 
locations ivoiild sustain smaller losses in efficiency on remaining in the 
' It/ long-continued plot experiments, however, do not 

ibV since the later applications of phos* 

Ir Am experiments do not seem to be relatively more 

than^ the earlier ones. 

nci established in these experiments for phosphates 

■laDv ^ ^ unplanted soils are greater than are 

^ v,\ , taking place. In experiments by Schneidewind 

rj-ii-Aniif f ^ ^tid add phosphate 

VP ^1^ tn efiiciency by remaining in the soil. There has 

- very lutle expen mentation along this line, however. Determina- 
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tions that have been made of the “residual” or “after-effects” of 
phatic applications have not been so conducted as to throw much lifbf 
on this subject/ 

That such losses in efficiency or in “availability” may be very consi^j, 
erable and very general seems to be indicated by the fact that as a rule 
only a small portion of the phosphoric acid applied to the soil is recovcrtg 
in the crop. While recoveries in the crop of 6o to 90 per cent of the 
nitrogen or potash applied are common, recoveries of phosphoric acisi 
usually range much lower — from ro to 20 per cent (75), or someiinies 
even 2 per cent. That this low recovery of phosphoric acid is due to 
interaction between phosphates and certain soil constituents is indicated 
by the experiments of Pfeiffer and Simmermacher (20) in quartz sand, 

SUMMARY 

(1) The relative efficiencies of acid phosphate, rock phosphate, bone 
meal, basic slag, and double superphosphate were tested in nine differm: 
soils in which millet was grown as the crop. The effect of the length oi 
time the phosphates remained in the soil and the influence of liiiiing oc 
tlie relative efficiencies of the phosphates were also determined. 

(2) The relative efficiencies of all the phosphates varied widely in the 
different soils. Cone meal and rock phosphate were particularly affected 
by the character of the soil. In one soil the efficiency of rock phosphate 
was about the same as that of acid phosphate, while in another soil it 
was only 4 per cent that of acid phosphate. 

(3) None of the phosphates varied in efficiency directly witli the lime 
requirement of the soil, although rock phosphate and bone meal wot 
generally most effective in the soils with high lime requirements. 

(4) Applications of lime equivalent to the lime requirement of the 
soil (determined by the Veitch method) decreased the efficiencies of acid 
phosphates, basic slag, and double superphosphate in some soils and 
increased them slightly in others. In two soils liming had little influenct 
on bone meal, but in the seven other soils it markedly decreased the 
efficiency of the bone meal. The efficiency of rock phosphate was 
decreased by liming to an approximately constant value in all soils- 
about 3 per cent that of acid phosphate, 

(5) Practically no difference in efficiency was observed regardless Oi 
whether the lime was applied to the soil six weeks before or immediately 
before the phosphate was applied. 

(6) A considerable further decrease in the efficiency of bone mea! 
occurred when the quantity of lime applied w'as increased beyond tlie 
amount indicated by the lime requirement of the soil. 

(7) It is probable that even in those soils where the efficiencies of acid 
phosphate, basic slag, and double superphosphate were increased by 
the quantity of lime applied a larger application of lime would have 
decreased the efficiencies of these materials. 

(8) A comparison was made of the efficiencies of the phosphate 
applied six weeks before planting with the efficiencies of the inateriaij 
applied immediately before planting. When the phosphates remaintc 
six weeks in the soil the efficiencies of the five phosphates diminish^ 
very appreciably in all soils whether limed or not. The losses in dfc- 
ciency attributable to the phosphates remaining in the soil were greater 

’ This is chiefly due to the (act that the crop residues have oot been removed before the second 
planted, and it is therefore impossible to ascertain how much ol the phosphoric add assimilated m 
ond crop was secured from the dccompoi.itioti of the organic residues of the first crop and hew mucB 
the unnssiiiiilated phosphoric acid left in the soil 
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the cases of acid phosphate, basic slag, and double superphosphate 
Ithafl in the case of bone meal or rock phosphate. ^ 

(9) Acid phosphate continued to lose in efficiency the lonm it re 
mained in the soil, ^^ough after the first 20 to 30 days the loss was 
exceedingly small, lhat such losses m efficiency are of general occur 
recce and tliat they are due to the action of soil constituents rendering 
pie phosphonc acid unavailable to the plant is indicated by the fact 
that, as a rule, only 10 to 20 per cent of the phosphoric acid applied is 
recovered m the crop, whereas 60 to 90 per cent of the nitrogen or potash 
applied is commonly recovered. ^ 
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growth of fruiting parts in cotton plants ' 

T, R. D. Martin and W. W. Ballard, Ajm/aK/j, and D. M. Sinipson, Junior A gr on- 
^'rnist, Office oj Acclimatization and Adaptation of Crop Plants and Cotton-Breeding 
Iniestigotions, Bureau of Plant Industry, United States DepaThnent of Agriculture 

INTRODUCTION 


Tlie rate of development of the cotton plant and especially of the 
fruiting branches, deserves more consideration in connection with 
>tudies of cultural methods and weevil-control problems. 

During the past three years data have been recorded on the order and 
late of appearance and growth of floral buds, the sequence of flowers, 
and the growth of bolls. These studies have been carried on under 
different conditions and upon difTerent types of cotton, as indicated 
ic the following outline: 

1. Grown under the dry atmospheric conditions of the irrigated 
valleys of Arizona: Kma variety of the Egyptian type. Upland 
varieties of Lone Star, Ac ala, and Durango. 

2. Grown under drought conditions on the “Black Land’’ belt near 
Greenville, Tex. : Lone Star. 

3. Grown under conditions of high humidity at James Island near 
Charleston, S. C, : Sea Island and Meade. 

Thus it is possible to make comparisons of corresponding phases of plant 
ijowth and development with different types of cotton under a wide 
range of environmental conditions. 

The records summarized in the following tables show a very close 
agreement in the rate of appearance of floral buds and blooms between 
distinct species and types of cotton grown under different conditions. 
Considerable variation was observed between varieties in the period of 
development of the floral bud and in the interval from date of flowering 
to boll maturation. This indicates the importance of considering the 
relation of varietal and environmental factors to the growth rate. 

PRODUCTION OF THE) FRUITING BRANCHES 


The main stalk of the cotton plant is formed by the development of 
successive internodes. At each node two buds are normally developed, 
an axillary bud which produces the vegetative branch and an extra- 
axillary bud which produces the fruiting branch. The axillary bud 
stands just above the middle of the base of the subtending leaf and 
usually remains dormant except on the first few nodes at the base of the 
stalk. The extra- axillary bud is developed to the right or left of the 
a.xillary bud. The specialized nature of tlie axillary and extra- axillary 
buds and the tendency for each to develop on definite groups of nodes 
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on the main stalk has been recognized and described in several pujjij 
cations.* 

The rate at which fruiting branches are formed on the main sta]]{ jj 
an important factor in the production of fruit. Data on formation of 
branches have been obtained in the United States from several varieti^ 
of cotton, at Sacaton, Ariz., Greenville, Tex., and Charleston, S. C 
The data from Sacaton and Charleston show the intervals between the 
first appearance of floral buds on successive branches, while those from 
Greenville show the intervals between the flow’Crs, Harland ^ workin? 
with Sea Island cotton in the West Indies determined the rate of appear- 
ance of fruiting branches by using the interval between flowers on the 
first nodes of successive branches. 

The first indication of a new fruiting branch is the appearance of a 
minute triangular bud, commonly called a “square," deeply inclosed 
between the stipules of the primary leaf. The appearance of the squiue 
always precedes the development of the intemode on which it is borne, 
and may therefore be considered as a definite indication of the fomiatioc 
of a fruiting branch. Table I gives tlie mean interval between the 
appearance of successive fruiting branches for each variety. It i? 
evident that there is a close agreement of varieties in the rate of pro- 
duction of fruiting branches. 


Tab^U I . — The rate of formation of fruiting branches of different types of cotton. 


Variety, 

j 

Locality. 

Year. 

bone Stir 

Sacaton, Ariz 1 

1921 

1921 

1921 

1921 

1922 
1922 
1922 

Acala 

rin . . i 

Durango 

do ' 

Pima Egyptian. 

do ■ 

lyOne Star ' 

Greenville, Tex 

Meade 

Charleston, S. C 

Sea Island 

do j 




AveracL- ii'jm. 
ber of davb 
bttween th( 
appearance ui 
successive iruii- 
ing brancliis. 


3. 30±o. cSS 

2. 80 j; . Ot:" 

3. 87 :b .007 
2. 8i± . 04;: 
2. 36 i ,o;S 
3.03± .15D 
2, 86_i; ,Cbl 


> Figured from number of days between flowering dates. 


It should be stated that these data represent the mean number oi 
days between the appearance of successive fruiting branches for the 
entire period of observation. A comparatively wide range in the interval 
between the appearance of branches was found, but no significant dif- 
ference could be traced for different periods of growth or groups oi 
nodes. Individual records of the number of days between the appear- 
ance of branches ranged from one to six days, but these differences 
occurred at no definite period. 


*COOK, 0. F. DrUORTHIC BKANCHBS IN TROPICAL CROP PLANTS. tJ, S. Dept. Agt. Bur. Plant IwfuS. 
Bul. 198, 64 P,, 9 flg., 7 t>l. I91I. , . 

MORPHOLOGY Op COTTON BRANCHES, In U. S. Dept. Agf. Bur. Plaat Indus. Circ. 109, P- 

and Meads, Rowland M. arrangement op parts in the cotton plant, U. S. Dept. 

Bur. Plant Indus. Bul. jj*. 56 p., 9 fie. 1911. p. 

McDachlan, Atgyle. the branching habits op Egyptian cotton. U. 8 . Dept, Agr, Bui. riin 
Indus. Bul, 349 , *8 p., 3 pi, igi 3 , « 

* Harland, S, C, manurial EXPERiMENia with sea island cotton in sr. vincsnt, with some .’>0* 
ON PAaoRS APPECTING THE YIELD, In West Indian Bul, v. 16, p. i8j. 1917. 
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j'he data from Sacaton and Charleston were obtained under condi- 
-,.(1^ of unchecked growth, and no seasonal variation in the rate of 
'Jiiiich formation was shown in the records. At Green\dlle, however, 
he de\eIopnient of the plants was stopped by a drought in July and. 
\i]faist. The checking effect of this drought was apparent late in July,, 
ind all squares produced after that period were shed before the flowering 
was reached. Yet the interval between first blooms of successive 
j'ranches at the end of the flowering period was not consistently longer 
han the interval between blooms early in the season. Tins indicates 
hat a reduced rate of growth of the plants did not materially influence 
j-e rate of appearance of fruiting branches during the flowering period. 
[1 is possible, however, that if the subsequent squares had reached the 
lowering stage, a definite increase in the interval between blooms might 
lu\e been found. 

The data on Lone Star grown at Sacaton, Ariz. , and Greenville, Tex. , 
ihow the widest difference in the mean interval between the appearance 
1)1 fruiting branches. The data on the other varieties show a close agree- 
ment in the rate of production of fruiting branches. That such uni* 
fonnity in rate of production could be obtained under widely different 
conditions of soil, climate, and moisture seems remarkable. 

GROWTH OF FRUITING BRANCHES 

The fruiting branch is formed by the development of a series of joints, 
or internodes, each bearing a floral bud, or “square.” As described 
previously in this paper, the first indication of the fruiting branch is 
die appearance of a minute square and its subtending leaf, inclosed 
between the stipules of the leaf on the axis. Folla\ving the appearance 
0!' the square, the first internode of the fruiting branch begins to lengthen, 
carrying the- Tuare and its leaf away from the main stalk. As growth 
proceeds in the first internode of the fruiting branch, the bud which wall 
turm the second node slowly develops until the second square and 
subtending leaf may be seen. This procedure is followed throughout 
the growth of the fruiting branch, the preceding node growing for a 
eiriain interval before the next square appears. 

j iJiflerenl types and varieties of cotton differ in the length and the 
jir.iinber of internodes of the fruiting branch. The rate of production 
(•! squares, however, is the factor of greatest importance to be con- 
sidered, particularly under boll- weevil conditions. 

In the season of 1921 at Sacaton, Ariz., the date of appearance of 
tach square on each branch was recorded on 10 plants each of the 
bbo'Aing varieties: Lone Star, Durango, Acala, and Pima Egyptian, 
brom tlicse records it is possible to find the average number of days 
between the appearance of successive squares on any branch or at 
any gruup of intemodes. 

A similar series of records was obtained in 1922 on the Sea Island 
and .\k‘ade varieties of cotton growm at Charleston, vS. C. Data w^ere 
p--’trincd on the Lone Star variety at Greenville, Tex., the interval 
in this case being determined by the number of days betw^een blooms 
w siK'ce.ssivfc internodes. 

Ilx-se data, presented first in Table II, show' an average of about 
SIX days between the appearance of successive squares for all the fruiting 
bruncii internodes of the plant. It will be noted that the production 
nciv squares on the fruiting branches proceeds at Sacaton at the same 
23 3 
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rate, regardless of 'the variety, although they represent widely difftre-. 
types. 

Wliile the Meade and Sea Island are distinctly different types of 
and were grown under conditions where rainfall is frequent and a rt * 
lively high percentage of humidity obtains, the interval between r" 
appearance of the square remains the same as with other variei;" 
grown under irrigation in the vSouthwest. 

It wall be noted that the mean number of days between the appearar = 
of squares on fruiting branches of Lone Star grown at Sacaton, 
is about one day more than for the same variety grown in Texas, y,. 
fact tliat appearance of squares Avas used at one place while dafe!v 
flowering was used at the other could hardly explain this difTererie 
It is possible that tlic short flowering period at Greenville, caused 
drought, may have resulted in a lower mean interval than would hsvr 
resulted from data obtained over a longer period. 

The records obtained at Greenville represent data from flowers .. 
fruiting branches developing from the seventh to the thirtivnlh n-,.r;F: 
of the main stalk. At Sacaton, however, the data on appearante 
squares were obtained from branches developing from the twelfth v 
the twenty-first node. The difference in the interval between squx-f- 
or blooms at the two places, if significant, should probably be attrihuT.v 
to the fact that data were obtained at different stages of plant tkvdf.;. 
ment, 

RATE OF APPEAR. ^NCE OF SQUARES IN RELATION TO CI/>S! 

SPACING or PLANTS 

1'hc fact that first squares on successive fruiting branches are pr- 
duced more rapidly than successive squares on the fruiting branche. 
is of ])rvactical significance in connection with the cultural advantajr- 
that have been obtained by the use of closer spacing of plants in tlx 
ro^v. As the first squares on successive fruiting branches appear a: 
about three-day intervals, while successive squares on the friiitin: 
branches appear at about six- day intervals, a more rapid setting 
fruit would be expected if the number of plants w'as increased. IVii: 
a larger number of branches, resulting from more plants to the acre 
better advantage is taken of the more rapid production of squarc'cr. 
the first node of successive fruiting branches. 

TablU II. — The rate of appearance of mccessive squares on fruiting brawhs 


Variety. 


Locality. 


Lone Star 

Acala 

Durango 

Pima-Egyptian 

Lone Star ^ 

Meade 

Sea Island 


Sacaton, Ariz . . 

do 

. . . ,do 

— do 

Greenville, Tex 
Charleston, S. C, 
do 


Year 


iMranDimtV', 

i days 

! ttic appearan 
; of 5UCCtt>l't 
: squares nnuf 
fruitiu; briJ” 


I()2I 

1921 

1921 

1921 

1922 
1922 
1922 


: 6 . 6 o:.c. 

i 6. 10:.: - 

! 6. to - • 
i (i. t6r -5^; 



* Ficured from aumber of days betweeu floweriaa dates. 
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I.ATE season INCREAvSE tn interval between squares 

There is a tendency for the interval between the appearance of squares 
j lengthen as the season advances. This is shomi in Table III which 
[ves number of days between the appearance of successive squares 
0 10 Pima Egyptian plants for three 3- week intervals. In 1921 the mean 
cried for the squares produced from June 15 to July 5 was 5.36 days, 
om Tuly 6 to July 26 it was 6.45 days, and from July 27 to August '15 
7.53 days. It can be seen that the mean period for each successive 
TWO weeks was longer. These data are substantiated by figures on 
'iina at Sacaton in 1920, which showed that the period between the 
pening dates of flovvers on successive internodes was gradually increasing, 
his aiso is shown in Table III. It will be noted that the increase is 
rcuter in the 1920 data, but this may be ascribed to the fact that the 
eriud from the appearance of a square until it flowers is slightly increased 
; iht^ season advances, thus tending to make the interval between 
nxcssive flowering dates slightly greater than the interval between the 
ru)c:irance of successive squares. 


un.E Tll.^afean interval between the appearance, of Jinccessivc squares or ftrwers on 
frutiing branches for three consecutive 3-week periods, at Sacalon, Am. 


Period I, Period II. 1 Period III 

June 15 to July 6 to j July 37 to 

J’u.’y 5 - I Jtily 36 , Aug. 15, 


nays. Days. i Days. 

ittrval between squares on Pima, 1921. , . 5. 36^0. 113 ! 6. 43^0. 7. 53 ±0. i-'z 

mrval between flowers on Pima,^ 1920. . . 5. pii . 068 | 7. i4:t , 098 1 8. 85± . 231 


' The intrcvals are based on fleering periods 30 days later than the square periods used the followine 
^ ; 1 appearance of square to bloom, aud places the two series on a. com- 

I he lengthening of the period between the production of new squares 
:ti just been showm to be correlated with tlie advance of the season, 
lie possibility that the period lengthens because the new inteniodes are 
irther out on the fruiting branch naturally suggests itself. The interval 
rtween the appearance of the first square on a fruiting branch and the 
ipoarance of the second was figured for the 10 Pima plants in 1921. 
nk interval was compared with the interval from the appearance of the 
cond square until tlie third square appeared, and so with other joints, 
jg the fruiting branches. A summary of these data is given in 

It will be noticed that the period does increase progressively between 
lb successive internodes of the branches. The difference, however, is 
i^ht and it is believed that the reason for the increase is that these nodes 
produced later in the season, which, as has been shown in Table III, 
^uks in a longer interval. Such differences, however, were not found 
je correlated ivith the node numbers representing their positions on 
ie brandies. 

l|\hen comparisons were made of the interval between the appear- 
formed during the vsame three- week period on the 
a second nodes and on the fourth and fifth nodes of fruiting 
^ ncJics It was found that the interval between squares on the outer 
01 lower fruiting branches was practically the same as the interval 
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be tween squares on the first and second nodes of branches farther up ,r 
the main stalk. The mean interval between the appearance of squa-*^ 
on the fourth and fifth nodes was 6. 2 days, while the mean inter\^4 
tween the appearance of squares on the first and second nodes AvasOf^ 
days, for squares appearing within the three- week period of July f,'!; 
July 26. 

TablS IV . — Average interval between the successive appearance of squares for each inur 
node on 10 Pima plants, Sacaton, Ariz., ig22 


Intcrnode^, 


IniEnjj, 


First to second 
Second to third 
Third to fourth 
Fourth to fifth 


Oii-ji 

5.6; 

6,0: 

Us 


DEVELOPMENT PERIOD OF THE FLORAL BUD OR “SQUARE" 

The number of days from the appearance of a square * until it floum 
is a feature in the growth of cotton that has received little attention bv 
investigators, although it is of considerable importance in the analysis fi: 
late or early varieties and in relation to wee\dl damage. 

In the season of 1921, the “square period ” — as the interval between 
the appearance of the square and the date of flowering has been tenned- 
was recorded for several varieties of cotton at Sacaton, Ariz. The inior- 
mation was obtained on three Upland varieties for squares that appeared 
between June 15 and July 10 and for squares of Pima cotton between 
June 15 and August 15. (See Plate i, showing the early development ri 
Pima floral buds.) These data arc presented in Table V, giviii|; ih 
mean square period as obtained from the above data. It will be noiicec 
that the mean period for Pima rvas 30.11 days, while that of the thref 
Upland varieties was about 23 days, a difference of approximately ; 
days. From similar data olitained on James Island, near Charleston 
S. C., the mean square period for Sea Island was found to be 33.06 day 
and for Meade cotton 2S.45 days. Such data illustrate in a practica 
way one of lire principal reasons why the Sea Island and Egyptian lypr: 
of cotton are later than the Upland varieties. 

Tari.R V. — I ntervalfrom appearayice of squares until fiowering date 


Variety. 

Localiti’, 

Year. 

Mean square ;x 

riod. 



1921 

1921 

1931 

1921 i 

1932 

1922 

nap. 

24 20r& • 

Ac.ila 

. . . . do 

22. 8o± ■ - 

Dll ran go 

do 

23.40:^ •• 

30.TI- .1 
33 - 04- ! 

28.45= 

Pima Egyptian 

do 

Sea Island 

South Carolina 

Meade 

do 





* The term “appearance of a square” is used in this paper to designate the time that the three bt ^ 
a Iruitiug bud become visible to Uie naked eye as a minute triangular form, approximately one-t- • 
second inch in diameter. 
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In order to see if there was a lengthening of the square period as 
the season advanced, the data relating to the Pima variety were divided 
and compared in three successive three-week intervals. As shown in 
Table \’I, the mean square period from June 15 to July 5 was 28 32 
davs, from July 6 to July 26, 3r.11 days, and from July 27 to August 
j; ^ 1-43 days. From these data it appears that the square period 
shorter early in the se^n than later, but that the increase of the 
third three-week interval is not significantly greater than that of the 
second three- week interval. This relation could not be determined in 
the other varieties, since the data were not recorded for sufficiently long 
intcn-als. 


Tasi.!; VI.— square period for three j-iveek interval of Pima at Saeaton, An 
IQ2I 


Wmh number of days. 



Squaring period. 


Period I, June 
IS to July s. 

' Period n. July 6 
to July 26. 

Period III, July 
27 to Aug. 15, 

s 

28. 32±o. 115 

^ 31. ii±o. 067 

3r-43±o. 115 

i 


A further comparison of the mean period required for the development 
cf >qnares on the successive internodes of the fruiting branches was 
iiiade on the Pima at Sacaton in 1921. These data are summarized 
and presented in Table VII. The mean square period at each node 
is st-en to increase slightly after the second node. This increase, how- 
ever, is regarded as being due to the fact that the squares on the outer 
iiiUTnf)(]es were produced later, and it has been previously shown that 
the later squares have a longer square period regardless of their position 
pn tlie fruiting branches. From these data there is no significant evi- 
dmee that the square period is longer because the square is produced 
St the outer nodes, toward the end of the branch. This is evident when 
the periods for squares of first nodes are compared with periods for 
Squares of fifth nodes that appeared on the same dales. 

i'AJa.T, \ ir. Mean square period for the successive internodes of Ihe fruiiinq branches on 
Pima, Sacaton, Ariz., igjj 


Fruitiug brODth inlernode Nd. — 


Mean number of days . . * ^294 

29, 4 

i 

3 4 

3 «- I I 30. 7 

s 

31 - 1 

1 GROWTH OF THE FLORAL BUD 


> ■ daily record of the size of floral buds was made on the Lone Star 
Fex., in 1922. The size of the bud was deter- 
L , Q^pi'essing one bract of the young square and measuring the 
. o ot the bud from the base of the calyx to the tip of the corolla, 
paburements were started when the bracts of the square were about 
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10 mm. in length. The length of the floral bud in these young sqiiar^; 
varied only slightly, the average length l>eing about 6 nun. Daily meas! 
urements were taken during the development of the bud until it 
ered. The interval between the time when the bud was 6 nim. in lenglv 
and the time when it flowered was found to be about 15 days. 
was found in which this interval exceeded 15 days and only 3 budsou? 
of 24 flowered in a shorter interval. 

The mean leiigtli of floral buds was computed from the daily mcrcure. 
ments of all buds. From these data, which are presented in Table \l]\ 
the mean daily length of the hud may be determined for a period a' i- 
days preceding bloom. From the differences between the lengths of tri 
bud on successive days, the average daily growth rate can be compuroi 
From the fifteenth to tlie tenth clays preceding bloom, the average daiiv 
growth of the bud is approximately 0,5 mm. After the tenth day. i.h- 
daily growth rale increases slo\vly until the fourth day before the 
ing of the flower, at which time the mean length of the bud was i': :x 
mm. Growth is rapid thereafter. The mean length of the bud on th. 
day preceding bloom was 24.37 representing a total increa^- 1: 

length of the bud of about 10 mm. during the last 3 days before bld.ic; 
The rapid growth of the bud during the last few days is due to ib 
enlargement of the corolla and the inclosed staminal column. 

Tlie size of the floral bud is of importance in connection with sin lio 
of bolbweevil infestation. It is believed that the buds are not !ar,,r 
enough to Irreed weevils until they have attained a length of ab.c: 
6 mm, vSquares with buds smaller than this liave the bracts cloriy 
appressed and seldom are entered by the w'eevils. Also, the bud» an 
too small for the full development of weevil larvae. 

Although records were not kept on the date of appearance of sqn 
it is believed that the first stage recorded in Tabic VIII represents asm!' 
the tenth day after the appearance would have been recorded. 0:i ilis 
basis the first 10 or 12 days of square growth may be considered 
affording no opportunity for the development of a new generalicr y 
weevils. Following this period, the square develops through a pci"': 
of 15 days, during which time it is of sufficient size to permit a Ian,;; 
develop. 

T.\Er.K VI If . — Croufh 0/ fiyial bud of the Lone. Star variety shou'n by the daily - 


‘ 

« length, 

■.enville, Tex., ig 22 

Number of | 

' days precedics! 
bloom. j 

Mean len^ih c 
dural bud. 

I 1 N limber of ' 
' ' days preceding 

hiuriiu. 

' Mi^au length of 
j floral bud. 

i 

Mm. 


' M»i. 

15 

6 . 02 


\ 11. 17 

: i 

6 . >7 

i 

12 . 22 

12 1 

7. 62 

4 

28 

1 1 

8, 36 


; 

10 

S. 06 

2 

1 17. 7 

9 

9. 67 

10. 


i 24 . 37 
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GROWTH OF LONE STAR BOLLS IN TEXAS 

'[\vo .'Series of measurements of the growth of bolls were obtained on 
the lone Star variety near Greenville, Tex., 1923, one series representing 
'iJc ^T-owth of bolls at the beginning of the flowering season, the other of 
iioll? prod need from later flowers, the last that were able to set bolls 
tjndcr the local conditions of drought. Measurements of boll length 
'vere recorded the second day after the bloom, and continued daily until 
i; certain that the maximum length had been attained. The young 
at 3 days of age were about 16 ram. long, increasing in Length 
.,,prif\iiiiately 2 mm. per day thereafter until they were about 12 days 
'ij, or about 37 mm. long. After reaching this age tlie growth rate was 
;nncii dower, the average maximum boll length of abtnat 41 mm. having 
Irt'i/ii recorded 8 days later, or 20 days after the date of flowering. Table 
IX ^resents the mean daily length of these bolls. 

!i is interesting to note that no increase in length was found after the 
;.M.'iuieth (lay from tlie bloom. Many bolls reached their full length in 
Hi diivs, the mean period from bloom to maximum lengtii being 17.3 
ihivs in the flrst series of bolls and 17.1 days in the second. Of course, 
dicso records should not be taken to indicate that development of the 
bf>l! is c(tiuplete when the full length is reached, since 17 days represent 
!l'^s than half of the period from the bloom to the open boll. 

T.^BI.e: IX. lJuily tucmise in length of Lone Star bolls, Greenville, Tex., igjj 


Numbor o( 
days after 
tlowerin p- 

I.eni;th of bolls 
froitj blooms 
open July 2i to 
July 26. 

Length of bolls 
from blooms 
open Aug. 3 to 
Aug. H. 


.Vfwi. 

SI m , 

2 

17. 6 

M- 77 


I';- 77 

16. 77 

4 

20 .35 

18. 18 

5 

2 .V 55 

19. 4 

() 

2v 67 

20, 77 

7 

2S. 62 

2 2. 2 

8 

^0. 02 

24. 73 

9 

72. 27 

26. 45 

10 ! 

33 - 8= 

28. 55 

1 1 

36, I 

30 ' 95 

12 i 

. 37 - 9 

34, 16 


.39 °5 

33 68 

14 

40. 35 

36. 68 

I ; 

41. 15 

. 37 . .5 : 

lO : 

41. 85 

78. 27 

17 

42. 25 

38. 86 

18 

42. 6 - 

39 - 13 

TQ 

43. If 

.3 9 - 27 

20 

4 . 3 - 17 

. 39 - 3 ^^ 


MATURATUjN PHRiOl) OF hO.M STAR 1301 

^ R Will be noted in Table IX that the later bolls are consistently smaller 
•‘•an the early ones. This shows the inhibiting effect of the drought 
■Htich chex'ked the growth of plants after the first week in August. The 
^mailer size of the bolls, however, did not result in a shorter period of 
‘i'^turation. Data on the number of days from bloom to open boll, 
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show that the bolls produced during the late flowering period 
actually slower in maturing than the early bolls. The mean number r’ 
days between bloom and open boll for flowers opening from July 2\ r 
July 26 was found to be 42.57 days, while that for bolls set from 
3 to August 8 was 44.55 days. A probable error of i 0,068 dayt, 5-.; 
io.23 days, respectively, was obtained on these means. These dettnr;' 
nations show that the increase of r.98 das^ in the maturation period"’ 
the later bolls is eight times the probable error of the difference, 
eating that it is significant 

No rain occurred throughout the maturation period of either the oar:, 
or late bolls, and the increase of about two days in the period of niaturs- 
tion of the late bolls may have been due to the checking of plant growt: 
by drought. This suggests that boll opening was not due primarilv y, 
the effect of atmospheric conditions in drying the bolls. Excessive shade 
or moisture, or lower temperature, undoubtedly tends to defer b. ; 
opening, but under consistently dry conditions a longer interval behvter 
bloom and open boll in later bolls may be due to a retarding of growt; 
processes. It might be expected that drought would result in a pre- 
mature opening of bolls, but the results obtained at Greenville did rr 
indicate any such effect. It is probable, however, that more sever: 
conditions would result in premature opening. 

GROWTH OF PTMA ROLFS IN ARIZONA 

Other data on the growth of bolls were obtained from the Pima 
tian variety at Sacaton, Ariz., in 1921. These records include determ;- 
nations oi the volume, gi'een weight, and dry weight of the growing br'F 
at regular intervals after flowering. 

Table X presents the average volume and weight oi Pima bolh 2= 
determined from 60 boll samples collected at five-day intervals, Vr<<z 
tins table it can be seen that tlie average Pima boll grows very rapid;y. 
reaching its mean maximum volume of 14 cc. at the age of 25 
Even at 15 days the bolls are nearly full size. (PI. 2.) The growl:. 
however, as shown by green weight is not so rapid, the mean maxii]yi;r; 
of 13.4 gm, being obtained at the age of 40 days. Measured hv dr 
weight, the growth is even less rapid, and the mean maximum of ;• 
gm. is not reached until 50 days of age. 

It is evident from these data that the average Pima boll reach'- 
its maximum volume in less Ilian half of the period between the urre 
of flowering and opening of the boll. The green weight of bolls alia:'.; 
a maximum and then declines before maturity is reached. Growth 
dry weight gives the best index of progress toward mature developnio:;: 
tlic ma.xinium of dry u'c-iglit of ihe av erage boll being attained a( ]o>- 
10 days before ojieuing. 
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Jajy j8, JSJ3 

r.BLE X ^Volume, green weight, and dry weight per boll at 5-rfay intenals of Pima 
^ cittonnl Sacafon, Ariz., ig2i, based on the average of 60 bolls of each age that flowered 
,,, 


Age of boU. 

ValuQie. 

(Treen wei^fit. 

Dry weight 

Days. 

0. 

Gm. 

Gm. 

5 

.87 

’ 72 

. 12 

10 

3- 14 

3.96 

■45 

15 

8. 91 

7-93 

1. 26 

30 

12. 59 

I I. 03 

I. 99 

^5 

14. 66 

12. 86 

3. 56 


14. 60 

12. 9^s 

3.82 


1 14- 65 

L3- 03 

3- 12 

40 

i 14- 00 

13- 45 

3. 36 

45 

14. So 

Lv 15 

.3- 76 

50 

i 14- 65 

13. 16 

3- 98 

55 

! 14. 10 

12. 14 

3. 99 

60 

1 

10. 30 

.3. 83 



‘ 4- 53 



' Open bolls. 


MATURATION PliRIOD OF PIMA BOLLS 

A range in the period of maturation from 45 days to 80 days was 
obtained on normal Pima bolls in this study, with the ])eriod lengUiening 
for the bolls of later flowering dates. This is in agreement with results 
reported by King,'^ who found that the period of maturation of Pima bolls 
in Phoenix, Ariz., varied from 54 days for those bolls set in July to 82 
davs for those set in September. Sufficient data were secured in 1921 
rill bolls of different flowering dates to indicate that at least tlircc factors 
are involved in the lengthening of the periotl of maturation of Pima 
bolls at Sacaton. First, the early bolls were smaller than those set later 
in the season; second, the early bolls attained full stiuctural develop- 
ment in fewer days than those set later; and third, the early bolls showed 
a more rapid reduction of the boll moisture after reaching mature struc- 
inral development, so that the opening stage w^as reached in fewer days. 

r.ROWTH OF SKA ISLAND AND MKADH COTTON ROLLS IK SCM/TH 
CAROLINA 

'llic growth of Sea Island and Meade bolls near Charleston, S. C., in 
’922. is shown in Jable XI, which gives the mean volume and w^eight 
per boll of 50 boll samples collected at seven-day intervals. It can be 
readily seen from this table that the bolls grow^ very rapidly to full size, 
■IS in the other experiments. The Sea Island bolls reach their mean 
niaxinjum volume of 19 cc. at 21 days of age, and the Meade bulls also 
attained their larger volume of 29 cc. in the same number of days. 

In C'onjpciring the time required for bolls to reach full size, these data 
Gre enly slightly different from those obtained wdth the Lone Star variety 
at Greenville, where tlie full size was reached in about 20 days. There is 
more contrast with the data secured from the Pima cotton at Sacaton, 
^U'.ere the mean maximum volume was found to he reached at the age 
days. 


■'''AIER-SrilESS BEHAVIOR OF PIMA COTTON EN ARIZONA, U, S. Dept. Agr. Uul. 10l8, »4 p. , 
' ■ ^ pi. !9jj. IJtmture rited, p. *3-^4. 
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TablB XI.— Volume and green weight per boll at seven-day inkrvals oj Sea 
Meade cotton, near Chatksion, S. C.. tQ22, based on the average of 50 boils o/iV-'* 
(it each age 


Sea Island. Meade. 


Ace ol boll, j- 

Volume, 

Green weight. ; 

Volume. 

Green weight. : 

Days. 

Cc. 

Gm. 

Cc. 

(tVI . 

7 

2 . 40 

2. 24 

4. 

4. 2 i) 

M 

13' L3 

: 10. 91 

21. 00 

18, 23 

21 

ig. g 5 

]6. lO 

29. 22 

I 26. 6.|. 

2H 

18 . 50 

i =:.63 

30-3<> 

“7‘ 

1 

ig. 63 


30- 

I 27. 88 

■12 

IQ. 61 

3 “. 88 

29 - 53 

! 26. 63 

;6 

ig. 00 

, L'!- 23 ^ 

■ 6. 70 


j 22. 70 


^ Oj^en bolls. 

MATURATrOX PERIOD OF SKA ISLAND AND MlvADE BOLI.S 

A mean maturation period of 57.6 A 0.013 days was obtained liir 
Island bolls near Charleston in 1922, from data recorded from blouiii • 
open boll on 98S bolls. The period of maturation showed a dcllji;;. 
increase as the season advanced. A mean period oi 36.9 days Wi 
obtained from bolls set from flowers blooming between June 22 and: 
while a mean period of 62. 0 days wa.s found for those set from tiowe 
blooming he f 1 veen .4 i«gi js t and A a gas t 6. Th e pro ba b!e errors for the<: 
periods were io.23 days and io.6o days, respectively, sijowiug t.fia: 
the increase in the period of maturation is significant and not due l 
chance. 

The mean period of maturation for the Meade variety at Churlcsi'.i:: 
in 1922 was 56.14 da vs, as detennined from 277 bolls, with a prubaiw 
error of ±0. 1 1 day.s. A tendency for the period of maturation to inen an- 
as Uie season advanced was noted, but the data are ik'L presented uii ar 
count t)f the small number of bolls and the shortness of the ptrioc 
during -which they were set. It is of interest to note that there is a di;- 
ference of only one day between the mean maturation period ol So 
Island and Meade bolls in this location. In other words, tlie Sea idaiic 
bolls require, on the average, about one day longer to open than l!i' 
Meade bolls. 

SUMMARY 

(1) Data relating to the growth of the cotton plant are given, iiichb-ib 
the rate of floral bud production, the period i.)f development frum tl''' 
appearance of a floral bud to flower, and the growth of the bull irox 
flower to maturity. This information is needed in connection 
cultural methods and weevil control problems. 

(2) A comparison of similar phases of plant gro-wth and dcvelopnict 
was obtained on several varieties under wideh^ ditterent environiiion^^' 
conditions — namely. Lone Star, Acala, Durango, and Fima ligyptJut' 
at Sacaton, Ariz., in 1921 and 1922; Lone Star, near Greenville, Tex., 
1922; and Meade and Sea Island near Charleston, S. C., in 1922. 
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A The average number of days between the production of successive 
• branches was approximately three days, with none of the 
'^Irieties showing significant differences. (See Table I.) 

All the varieties, under the conditions represented, showed an 
•fiaffe of about six days between the appearance of successive squares 
tn the fruiting branch. (See Table II.) 

^ 0 The Pima variety in Arizona showed a tendenev for the interval 
between the appearance of successive squares of the fruitiTig branches 
{0 lengthen as tlie season advanced. (vSee Table Til.) 

'' h' A comparison of the interval between the appearance of successive 
..o'lares on the fruiting branches showed that the interval increases pro- 
"nssit'^^y along the branch. This increase may be due to the fact that 
n'Uer stpiares arc produced later in the season when growth is slower. 

1 lie intervals between squares that are produced at the same dates are 
,ntiroxiniately equal regardless of the positions of the squares on the 
tranches- (See Table IV.) 

Tlic interval between appearance of a square and its date of flow- 
triii', termed the ‘'square period,” showed consistent differences be- 
r.vetai varieties. The square period for vSea Island was ajqiniximatcly 
u cla\s. for Pima 30 days, for Meade 28 days, and for Tone Star, Acala, 
aiiil Durango 23 days. (See Table \'.) 

..si A tendency for the square period to lengthen as the season ad- 
vuiiccd was noted on the Pima variety at Sacatou. {Sec Table \’l.) 
Tliis relation could not be determined in the other varieties since the 
i’.ata were not recorded for sufficiently long intervals. 

up A slight increase in the square period for each successive node of 
ihe fniiliug branch was also found on the Pima cotton at Sacaton, but 
this is probably due to the square.? being produced later in the season, 
iiiul is not correlated with position on the branch. (Sec 'i'ablc VII.) 

^:o) Growth rates of floral buds of Tone Star cotton at Greenville, 
Ti:a.. showed that the buds grew at a nearly constant daily rale until 
•.vithiii about 3 da vs of flowering, \vhen a more rapid gro'wlh rate was 
recorded. 

ill) The sizes of the floral buds at different ages indicate that they 
v.ere not large enough to success! ully develop weevil larvae until tibouL 15 
days before flow'ering, or approximately 10 days after the squares appear. 

! i2l The growth of I/Dne Star bolls in Texas was very rapid, the mean 
maxmium length of 41 mm. being reached about 20 days alter flowering. 
The earlv bolls were found to be larger, the later bolls being ])roduced 
during a drought. Although smaller, the late bolls had a longer matura- 
lior, jjcriod, 44.55 days, while the large early bolis showed a mean matura- 
tion period of 42.57 days, or about 2 days less than the late bolls. 

U3; Data on the growlii of Pima bolls in Arizona were determined by 
records (ff volume, green iveight, and dry weight of growing bolls, at 
regular intervals after flowering. The results show that the mean maxi- 
“'.uin \-olume per boll, 14 cc., was attained in 25 day’s after flowering; 
taut the mean maximum green weight per boll, 13.4 gm., was attained 
:n about 40 days; and that the mean maximum dry weight per boll, 3.S 
was attained in about 50 days, 

'■nj.) A range in the period of maturation from 45 days to 80 days 
■‘‘>as oliserved on normal Pima bolls in Arizona in 1921. T lie period of 
maturation was found to lengthen for bolls of later flowering dates. 
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(15) Three factors seemed to influence the lengthening of the matura- 
tion period for Pima bolls in 1921: The early bolls were smaller; they 
reached mature structural development in fewer days; and they reduced 
boll moisture to the opening stage more rapidly than the later bolls. 

(16) The growth of Sea Island and Meade cotton bolls was determine^ 
in Soutli Carolina during 1922 by recording the volume and green weight 
of growing bolls collected at seven-day intervals after flowering, 

(17) The Sea Island bolls reached their mean maximum volume 01 
about 19 cc. and their mean maximum green weight of about 16 gm.in 
21 days after flowering. 

(18) The Meade bolls reached their mean maximum volume of about 
29 cc. in 21 days and tlieir mean maximum green weight of about 27 gm. 
in 28 days after flowering. 

(19) A mean maturation period of 57.6 days was obtained for the Sea 
Island bolls, in comparison with 56.14 days for the Meade bolls, and the 
period of maturation was found to increase as the season advanced. 




PLATE 1 

Floral i>ucls of Pima (Ej^yptian) cotton at Sacaton, Ariz., showing the daily incicii^ 
ill si/o of tlie involucre during the early stages of growth, for lo successive days, iror 
the second to the eleventh day from the “appearance” of the “square.” Naiuu. 
size. Photographed by H, F. Loomis. 
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PLATE j 

tVjlisof Pima (Eg>^ptian) cotton at Sacaton, ^Vriz., showing the size atdilTerent stages 
ci dn elopment. Beginning at the top row, the ages are 5, 10, 15, and 45 days, rcspec- 
t:vilv, as measured from the flowering date. Natural size. Photographed hv R, 
!■ tLrtin. 



